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Abstract: There are four factors that have influences on engineering: Social/culture/religion, 
Technology/science, Economics, and Politics/law. The strength of the impact of these factors 
becomes different according to history. Alchemy of the 16th century is an example of 
"Socio-Engineering". From the Christian doctrine, “Heliocentric model” was denied, but 
“alchemy” was approved. Religion was controlling science. In the 17th-18th centuries, 
people were solved from the spell of religion and engineering based on science and 
technology, so-called *Techno-Engineering" is respected instead. In the 18th- 19th centuries, 
technologies for mass production at low manufacturing cost were required апа “Есопо- 
Engineering" became mainstream to enhance national strength. The intention of increasing 
national wealth and military strength increased friction and that led to the First and Second 
World War in the 20th century. Engineering of this period is mainly government-led 
production of war weapons, and it was a beginning of "Politico-Engineering". After the wars, 
mass production technologies for the reconstruction/recovery revived, but when the 21st 
century began, as a consequent result, environmental degradation, resource depletion, and 
food famine have become major problems. Global regulations are strongly called, and the 
government-initiated technology (“politico-engineering’) has become important again in 
order to overcome the regulations. Politico-Engineering covers (1) legally-regulated normal 
technologies such as sustainability, and (2) crisis technologies. 


This paper introduces leading actuator/sensor and piezoelectric technologies, relating with 
the above “sustainability” and “crisis” technologies, aiming at further research expansion in 
this area. The sustainable society requires (a) usage of non-toxic materials (Pb-free 
piezoelectrics), (b) disposal technology for existing hazardous materials (high power 
ultrasonic transducers), (c) reduction of contamination gas (diesel injection valves), (d) new 
energy source creation (piezoelectric renewable energy harvesting systems), and (e) energy- 
efficient device development. Crisis technologies are categorized into five types: (a) natural 
disasters (earthquakes, tsunamis, tornadoes, hurricanes, lightning, etc.), (b) 
epidemic/infectious diseases (smallpox, polio, measles, and HIV), (c) enormous accident 
(Three-Mile-Island core meltdown accident, BP oil spill etc.), (d) intentional accidents (acts 
of terrorism, criminal activity, etc.), (e) civil-war, war, territorial aggression. 


Keywords: Crisis technology; Sustainability technology; Politico-engineering; Piezoelectric 


actuator; Pb-free piezoelectrics; Piezoelectric energy harvesting; Ultrasonic cavitation; 
Ultrasonic motor. 
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Bio-History of Kenji Uchino 


* University professor — 4O years 
° Tokyo Tech - 10 yrs, Sophia Univ - 8 yrs, Penn State - 24 yrs 


* Company executive — 21 years 
* Government Officer — 4 years 
* Japanese 20 years vs. US Citizen 22 years 


* "One step ahead" 
е Аде 405 = Academic initiative 
° Age 50s = Entrepreneur 
* Age 60s = Program officer 


e "Discover/| nventor" 


* Piezoelectric ML actuators, PMN electrostrictors, Relaxor single 
crystals, Micro motors, Piezoelectric transformers, HiPoCS 








f long-range strategic efforts 


http:/ /www.onr.navy.mil/Science-Technology/ONR-Global.aspx 
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World War I — 1914-18 


U.S. Involvement in World War I 
(The Great War) f 
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LUSITANIA SUNK BY A SURMARINE PROBABLY 1,260 DEAD: 
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knowledge of the emerging role of the United States in 

world affairs and key domestic events after 1890 by 


evaluating United States involvement in World War |. 















[he Naval Research Laboratory 
was conceived in 1915 during a 
correspondence between the then 
Secretary of the Navy, losephus 
Daniels (seatecLat-his desk on the 
right), and Thomas Edison, who is 
shown here staármimn at his desk. 





ONRG Introduction 
NRL Scientists Receive Nobel Prize 


NRL has produced two Nobel Laureates, J. Karle and H. Hauptman, who each received the Nobel Prize for Chemistry in 
1985 for devising direct methods employing X-ray diffraction analysis in the determination of crystal structures. 


A-ray diffraction analysis involves the determination of the 
arrangement of atoms in crystals from which the molecular formula 
is denved directly. Determination of the molecular structure is 
important in that once the structural arrangement is understood, 
the substance itself can then be synthesized to produce useful 
products. This research occupies an almost unique position in 
in other fields. In fact, many phenomena in the physical, chemical, 
metallurgical, geological and biological sciences are interpretable 
in terms of the arrangements of atoms. 


Methodologies for determining molecular structures are major 
contributions to science and technology. For example, they form 
the basis for the computer packages used 1n pharmaceutical labs 
and research institutions worldwide for the analysis of more than 
[0,000 new substances each year. A significant portion of structural research has direct application to public health, including 
the identification and characterization of potent toxins found in animals and plants, antitoxins, heart drugs, antibiotics, anti- 
addictive substances, anticarcinogens, and antimalarials. 





17 Novel Laureates from NRL; 70 Novel Laureates supported by ONR 
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ONRG's associate directors promote collaboration with 
international scientists while its science advisors 
identify fleet/force needs and implement technology 
solutions. Both serve as the chief of naval research's 
science ambassadors abroad 


Sponsored Programs 


ONRG sponsors programs -- exchange visits, 
conferences and workshops, seed funding -- that foster 
collaboration between Navy personnel, scientists and 
technologists around the world: 
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VSP 


* Trip: Asia to the US 
* Max 30 days (Airfare & Accommodation) 
: USS12K 


CSP 


* Conference in Asia 
- Support international expenses 
- USS5^6K, up to $24K 


NICOP 


s Grant (Donation), no report, no deliverable 

* Support international research (6^9 months) 

* Research topic: Basic DOD 6.1 and 6.2 

~ US$35~70K, up to $400K 

. IP belongs to PI, free publication, 
acknowledgment to ONRG 
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* Politico-Engineering 
* Cooperation, Protection, Reduction 
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2. Politico-Engineering 


e Sustainability Technology 
e Crisis Technology 


3. Paradigm Shift in Engineering 





Politico-Engineering 


WWII Results in Japan 





Hiroshima 1945 


Politico-Engineering 


Comparison: Nuclear Power Plant Accidents 





Three-Mile-Island Fukushima Daiichi 
(USA) (Japan) 
Date 1979. 3. 28 2011. 3.11 
Reason — Human errorofthe  Earthquake/Tsunami & 
equipmentusage | . Electr. shutdown ` 
Level 14 Melt-down Melt-down & Explosion 
Command . President/State Army: TEPCO/Prime Minister 
Initial Water spray/ Delay of water spray/ 
Actions Evacuation in 80km Evacuation in 20 km 
area in 24 hrs area after 3 days 


Problem: Delayed decision by the political 
leader induced the most serious explosion ! 
Necessity of Politico-Engineering 





Politico-Engineering 


External Forces on “Engineering” 
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Discovery of Piezoelectrics 













° Piezoelectricity 


- Electrical charc 
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Converse Piezoelectricity 


= Strain induced in a material by application 
of electric field 


= Discovered in 1881 by Gabriel Lippmann 
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Gabriel Lippmann 





Piezoelectricity." /heFreeDictionary.com 


Technology/Science 


What’s “Piezoelectric Effect”? 


DIRECT PIEZOELECTRIC EFFECT CONVERSE PIEZOELECTRIC EFFECT 
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Technology/ Science 






Strain (96) 
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[S.E. Park and T.R. Shrout: Mat. Res. Innovat. 1, 20 (1997)] 
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Bond Method vs. Tape Cast Method 
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(Electroding, Drying) (Punching) 
(Electrode printing) 
(Lamination, Press, Cutting) 








(Resin coating) 
(Lamination, Curing) 





(External electrode printing) 


Multilayer device 


Binder evaporation, Sintering) 
External electrode printing) 











Fabrication process for a multilayer (ML) ceramic actuator. 


Economics 


Piezoelectric Device Market Trends 
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Information Resources: iRAP (Innovative 
Research & Products); Market Publishers; IDTechEx 
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Applications of Piezoelectric Single Crystals 
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= Medical Imaging + HIFU 
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Economics 


Product Planning Creativity 
- Specifications - 
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Shipwreck of Titanic 
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Langevin Transducers 
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Politics / Law 


World War I — 1914-18 
U-Boat 
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Politics / Law 


World War II — 1939-45 






(3& & 26) 
Permittivity contour map on the MgO-TiO,-BaO system, 
and the patent coverage composition range 
(dashed line).[Ogawa and Waku, 1944] 


Politico-Engineering 


Politico-Engineering - Overview 


- Politically-Initiated Science and Technology - 


1960s: Initial Growth=Infra-structure Domestic Politics 


1980s: Rapid GrowthzMass-production Econo-Politics 
2000s: Growth Maturing=Sustainability Global Regime 
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Politico-Engineering 


PRODUCT PLANNING 


Econo-Politics 


- Japanese Technology Trend Change - 
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e Printer, Camera 


e TV, Computer 





e Printing time 
e Communication period 


e “Walkman” 
e Air conditioner 
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Politico-Engineering 


PRODUCT PLANNING 


- Japanese Technology Trend Change - 
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Internet, Computer cable 
e Defense technology 
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2. Politico-Engineering 


e Sustainability Technology 
e Crisis Technology 


3. Paradigm Shift in Engineering 





Politico-Engineering 


Categorization of Technology 


* Normal Technology 
- New discovery/invention 
- Designing/manufacturing/rmarketinc 
- Sustainability 


* Crisis Technology 
- Natural disaster 
- |nfectious/contagious disease 
- Enormous accident 
- |ntentional (terrorist/criminal) incident 
- External & civil war/territorial invasion 


Politically-Initiated Engineering 





Politico-Engineering 
Categorization of Technology 


* Normal Technology 
- New discovery/invention 
- Designing/manufacturing/rmarketinc 


- Sustainability 
* Power and energy (lack of oil, nuclear power 
plant, new energy harvesting) 
* Rare material (rare-earth metal, Lithium) 
* Food (rice, corn - bio-fuel) 
e Toxic material 
- Restriction (heavy metal, dioxin, Pb) 
- Elimination/neutralization (Mercury, Asbestos) 
- Replacement material 


* Environmental pollution 
* Energy efficiency (piezoelectric device) 


Politically-Initiated Engineering 





Sustainability 


"Sustainability" Technologies 
In Piezoelectric Devices 
г Usage of non-toxic materials 
— Pb-free piezoelectrics, (K,Na)(Ta,Nb)O; 
* Disposal technology of existing 
hazardous materials 
- Ultrasonic treatment 
* Reducing contamination gas 
- Diesel injection valve 
* New energy source creation 
- Piezoelectric energy harvesting 
* Energy-efficient device development 


Sustainability 
Perspectives of the Piezo-Materials Development 
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Sustainability 


Pb-Free Piezoelectrics 
[No more PZT?] 


European Community: RoHS (Restrictions on the use of certain 
Hazardous Substances) limits lead (Pb) in electronic equipments. 
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Sustainability 


(K,Na,Li)(Nb, Ta,Sb)O, м 
[Toyota Central R&D] 
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Sustainability 
Making hazardous waste innocuous 
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Water flow type ultrasonic cleaner 
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Bolt coupled 


Horn type L-L converter Langevin transduser 





Courtesy of Sharp/Honda Electronics : И ^ Rediatin "es 


Sustainability 
Multilayer Actuators for Diesel Injection Valve 
Exhaust Gas Regulation 


Diesel Exhaust Gas Regulation in 
Japan, Europe and US 
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(From the Nikkei Newspaper, 2006) 


Sustainability I l i 
Diesel Injection Valve 


Energy Consumption by LCA (Well to Wheel) 
(http://www.marklines.com/ja/amreport/rep094 200208.jsp) 
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(Under a Hybrid Configuration) 


Sustainability 


Multilayer Actuators for Diesel Injection Valve 
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Sustainability 
Multilayer Actuators for Diesel Injection Valve 
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Peugeot Diesel Vehicle 


Sustainability 


From Passive Dampers to Adaptive Dampers 
with Energy Harvesting 
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K2 & ACX 
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